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Abstract 
This study analyses several Irish primary school science textbook sets to evaluate their 
potential to support Inquiry Based Science Education (IBSE). The study was prompted by the 
results of the National Council for Curriculum and Assessment (NCCA) 2008 survey of Irish 
primary science which indicated that a 72% of surveyed teachers are using science textbooks 
within their teaching. The reliance on deductive methodologies, such as the using textbooks, 
has been attributed to a lack of Pedagogical Content Knowledge (PCK). As the Irish primary 
science curriculum was changed to be more experiential in 2003, it is unlikely that deductive 
teaching from textbooks aligns with the new aims and objectives of the curriculum. This 
research analyses three textbook groups through the lens of the 5E model of teaching, a well 
known framework for teaching through inquiry. A four layer framework was developed 
around the 5E model that would highlight the strengths and weaknesses of textbooks in 
supporting IBSE. The results indicate that the various textbooks contain different structures, 
pedagogies and content, which can potentially be used to support the development of IBSE 
schema however, professional development must be provided as to how best to integrate 
textbooks into practice.  
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Introduction 
This project was designed to build on the findings of research which was carried out by the 
National Council for Curriculum and Assessment (NCCA) in 2008 (Varley et al. 2008a, 
2008b). This longitudinal study examined science teaching and learning in Irish primary 
schools to determine how the introduction of a new experiential curriculum in 2003 had 
impacted teaching methodologies and student learning in science (DES, 1999). Also 
investigated in the study was whether teachers were using constructivist methodologies, 
which are supported by the new curriculum, or were they continuing to use didactic 
methodologies. A didactic or deductive approach is described as “teacher-centred” where 
teachers supply information to the students using methodologies such as “chalk and talk” 
(Rocard, 2007). According to Rocard an inductive or constructivist approach is 
fundamentally “student centred”, involves significant student decision making and action and 
includes methodologies such as investigations.  
Primary school education in Ireland consists of eight mandatory years, with children aged 
approximately between 4 and 12 years old (DES, 1999). The junior section encompasses 
Junior Infants, Senior Infants and first, second and third class. The senior section consists of 
fourth, fifth and sixth class. The Irish primary science curriculum is divided into four areas, 
Living Things, Materials and Change, Energy and Forces and Environmental Awareness and 
Care. Table 1 summarises the content strands and the content units that make up these strands 
(Murphy et al., 2012). There is no formal, summative exam at the conclusion of primary 
school in Ireland. The primary teacher education system in Ireland is mainly based on a four 
year Bachelors degree carried out in one of five institutions. The total number of hours 
dedicated to the science education element in these degrees ranges from twelve to forty-four 
total hours over the four years between these institutions (Varley et al., 2008a). The 
significant variation in the time allocated to science raises questions about the importance 
each institution places on science education and may also result in vastly different levels of 
content and pedagogical knowledge among graduates. In line with the current curriculum, all 
of these institutions have instigated a policy of promoting Inquiry Based Science Education 
(IBSE) in pre-service education to ensure that teachers have the skills to promote inquiry at 
the end of their teacher education (Varley et al., 2008a).    
One of the findings of the NCCA Science in Primary Schools study showed how, generally, 
primary science in Ireland is still carried out in a linear, teacher-centred manner with a large 
percentage of teachers using a science textbook (Varley et at,. 2008a). This is a direct 
abandonment of the teacher guidelines which state: “science lessons should not be 
workcard or textbook based” (DES, 1999b, p27, emphasis in original). The use of 
textbooks has been attributed to a lack of Pedagogical Content Knowledge (PCK), low  
confidence and possibly to problems related to educational change where teachers are 
challenged to change a longstanding culture of practice (Garbett, 2003, Murphy, 2007, 
Shulman, 1987, Varley et al, 2008a, 2008b,). The NCCA have recommended the 
implementation of continuous professional development for teachers, the addition of in-depth 
science education courses within pre-service teacher education, the enhancement of materials 
that are developed by the curriculum support services and continued research into the field of 
primary science education (Varley et al. 2008a, 2008b). While current evidence indicates that 
IBSE approaches in classrooms are limited, it is important to explore how textbooks could be 
integrated into the support mechanisms suggested above given the pivotal role they play in 
guiding teacher planning, practice and decision making in order to link them to inductive 
approaches to scaffold the development of a teacher’s IBSE schema. This would aim to 
promote the textbook as an integrated resource for an inquiry lesson. Korthagen (2010, p.412) 
describes schema as “a conscious network of concepts, characteristics, principles and so on, 
helpful in describing practice” that fundamentally influences a teacher’s sense of “how to act 
in particular situations.” This study therefore explores how IBSE is represented in a selection 
of Irish primary science textbooks to evaluate their potential to scaffold the development of a 
teacher’s IBSE schema.  
 
What is Inquiry Based Science Education? 
IBSE represents the application of Inquiry Based Learning (IBL) to the specific domain of 
science teaching and learning. IBL has become the focus of the literature on reforming 
teaching methodologies using constructivist approaches (Darling Hammond, 2008, Driver et 
al. 1996). However, there is still confusion amongst both researchers and teachers about the 
precise definition of “inquiry” and how best to carry it out (Anderson, 2002, Newman et al. 
2004). Anderson attributes this confusion to the large body of research that is available on the 
topic of inquiry and how different researchers can create their own definition of inquiry to 
suit the needs of their research. This confusion has led to the development of a contextual 
definition of inquiry in different areas (Anderson, 2002). In order to align with the European 
context the description of inquiry, as suggested by the Rocard report, is employed in this 
research (Rocard, 2007).  
“The intentional process of diagnosing problems, critiquing experiments, and distinguishing 
alternatives, planning investigations, researching conjectures, searching for information, 
constructing models, debating with peers, and forming coherent arguments” 
        (Rocard, 2007, P9) 
IBSE then is based on the epistemology of scientific research. This means students (should?) 
study science in much the same way as scientist investigates new research topics (Enfield, 
2000, Rocard, 2007, Roth 1995). Usually, in this scenario, a book is used as a reference point 
or guide for a scientist to inform and plan their research. In recent years there has been an 
international push towards utilising IBSE in the classroom. This push has included the 
adaptation of teacher education methods, professional development courses and curricula 
(Anderson, 2002, Minner et al. 2010, Rocard, 2007, Zion et al. 2007). In America, 
organisations such as the National Science Foundation (NSF), the National Research Council 
(NRC) and the American Association for the Advancement of Science (AAAS), have 
developed new curricula and professional development courses to further the advancement of 
IBSE (Anderson 2002, Marek et al, 2003, Minner et al. 2010). Primary Connections is a 
project being carried out in Australia with an aim of enhancing the confidence and 
competence of primary-school teachers (Primary Connections, 2009). In 2007, the European 
commission published the Rocard Report which recommended several ideas all promoting 
the use of IBSE in the classroom. The report recommends, amongst other things, the 
introduction of inquiry based methodologies into schools through the introduction of new 
programmes and policies as well as teacher training courses which promote the use of inquiry 
methodologies (Rocard, 2007). Indeed, several European projects have been developed to 
promote IBSE in various countries. In the context of primary science, the Pollen Project 
(Pollen, 2009) provided resources and training in IBSE methodologies which were designed 
to suit local curricula in “seed” cities throughout Europe.  
For the purpose of this work it is important to define an analytical framework to incorporate 
the Rocard description of IBSE. The 5E model was selected for its rigorous structure and its 
ability to be applied to multiple contexts (Anderson, 2002, Bybee, 1989, Bybee et al, 2006a, 
Marek et al, 2003, Wilson et al, 2009, Minner et al. 2010). Table 1 describes the elements of 
the 5E model below (Bybee et al. 2006a). The interpretation and adaptation of this framework 
for the purposes of this research is described in the Methodology section below.  
 
Pedagogical Content Knowledge and Educational Change 
The NCCA study alluded to low teacher confidence levels in teaching science which has been 
attributed to limitations in pre- and in-service education in the Irish teacher education system 
(Murphy et al 2002, 2007, Harlen, 1995, Sweeney, 2002, Varley et. al. 2008a, 2008b). 
Akerson & Flanigan (2000) and Borko (1993) attribute a lack of confidence in science 
teaching in part to incomplete content knowledge. While teacher education cannot be 
expected to give a pre-service teacher all of the content knowledge that they require, 
Magnusson, Krajck & Borko, (1999) argue that it should provide them with the pedagogical 
knowledge needed to facilitate the ideals of science education.  
As stated above, the reliance on textbooks in teaching has been attributed to a lack of teachers 
Pedagogical Content Knowledge (PCK) and teacher confidence and could also be attributed 
to problems related to educational change (Varley et al, 2008a, 2008b, Murphy et al., 2007). 
PCK is the knowledge that a teacher uses to provide teaching situations that help learners 
make sense of particular content. (Shulman, 1987, Loughran et al,, 2001, Berry et al. 2008). 
This knowledge represents an “amalgam” of a teacher’s pedagogic knowledge, content 
knowledge and knowledge of the classroom context (Magnusson et al. 1999). It is also 
specific to the individual teacher and in a constant state of development based on the 
experiences of the teacher (Shulman, 1987). PCK is therefore the fundamental professional 
and unique knowledge base of the teacher which significantly influences teacher schema and 
decision making. It is suggested that low levels of PCK are attributed to low confidence and 
therefore more restricted and controlled forms of teaching (Varley et al, 2008a, 2008b).  
The literature on Educational Change provides further insights into the reliance on textbooks 
(DES, 1999, Fullan, 2007, Rocard, 2007). This literature details how implementing 
educational reform, through the creation of a new curriculum or the implementation of new 
methodologies and resources, may encounter adoption issues due to not adequately 
accounting for the needs of the stakeholders. Fullan describes the stakeholders of education 
as everybody that is involved in the educational system, including students, teachers, 
principals and parents. Indeed, Penuel et al. (2009) indicates that the implementation of 
curriculum materials is very challenging even where provision is made for alignment between 
standards, curriculum, assessment and professional development and that due consideration 
must be made of existing professional practices to avoid piecemeal implementation. Ball & 
Cohen (1999, cited in Penuel, 2009) argue that it is critical for teachers to gain practical 
knowledge of specific activities and how this should influence classroom instruction. This 
again highlights the practical importance of teacher schema, or their ways of knowing how to 
act. This is reinforced by Fullan (2007, p.129), who notes that “Educational Change depends 
on what teachers do and think, it’s as simple and as complex as that”. In the case of Ireland, 
therefore, it can be said that the introduction of the new curriculum, its content and 
methodologies, did not seem to recognise the central role that textbooks play in influencing 
teacher schema and therefore teachers may be reluctant to abandon them.  
In order to initiate a reform of practice in Irish primary science education through the 
promotion the use of IBSE in Ireland, the representation of IBSE in textbooks must therefore 
be examined. This study therefore evaluates the potential of Irish primary school textbooks to 
act as a tool in the development of a teachers’ IBSE PCK.  
 
Textbook Analysis 
Schutt describes a content analysis as “the systematic, objective, quantitative analysis of 
message characteristics” (Neuendorf, 2002 cited in Schutt, 2006). Therefore in order to 
evaluate the potential of using textbooks in supporting IBSE, it is important to first formulate 
an objective criteria upon which the contents of these books can analysed. Swanepoel 
analysed the quality of textbooks according to two definitions (Swanepoel, 2010). These were 
based on research by Bernier and Sursock and included the textbooks achieving the intended 
learning outcomes and the textbooks containing the features and characteristics that make it 
fit for purpose (Bernier, 1996, Sursock, 2001 cited in Swanepoel, 2010). This research 
explores whether the textbooks are “fit for purpose” in the support of IBSE, as expressed by 
two research questions: 
 Do the textbooks meet the intended learning outcomes of IBSE? 
 Do the textbooks contain the features and characteristics of the pedagogy of IBSE? 
It has been discussed previously how IBSE attempts to improve science teaching and learning 
by promoting the epistemology of science. Therefore an intended outcome of IBSE might be 
considered as to whether textbooks promote the epistemology of science, or does the 
textbook promote its content as would be expected through the study of science. The 
elements of the pedagogy that can be considered have also been discussed previously and will 
be revisited through the analysis below.  
Flick describes how content analyses work “mainly in relation to categories rather than 
cases” (Flick, 2003, p211). The categorisation of texts appears to be a common method to 
analyse textbooks. This method involves dividing the textbooks into relative emphases on a 
number of themes or categories presented in the textbook (Garcia, 1985, Chiapetta et al, 1991 
described in Wilkins, 1999, Dimopoulos et al., 2003, Schussler et al., 2010, Vesterinen et al., 
2011). The themes or categories described in these content analyses relate to the subject 
matter that is being analysed. In Wilkinson the themes relate to scientific literacy, Vesterinen 
et al., relate their themes to the nature of science and Dimopoulos relate them to visual 
images (ibid). Therefore the literature on content analyses would suggest that the subject 
matter should be divided into themes for analysis. It has already been stated that the 5Es 
could be used as a method of content analysis, the literature would therefore suggest that a 
content analysis of textbooks for the use of IBSE would mean firstly identifying the themes 
of the 5Es and then analysing these themes. Schussler et al., provide another element of 
content analysis (Schussler et al., 2010). Their study looked for particular content within 
science textbooks and to do this the various headings of the topics were analysed. This 
content analysis moved from an overarching analysis of themes in a textbook to specific 
knowledge provided by the textbook. The approach presented in their work however also 
relates to the relative emphases of the content (ibid). 
While it has been previously argued that textbooks do not have a place within IBSE lessons, 
in 1999 Mayer proposed the Select, Organise and Integrate model for the development of 
constructivist learning using words and pictures. This model not only relates texts to 
constructivism but aids in the development of texts that support constructivism. The model 
develops texts which combine the long-term prior knowledge of a student with the 
instructional message of the words and pictures to develop a working memory of the subject 
matter (Mayer, 1999). This model could theoretically then be applied after the development 
of a text to identify whether the text was developed with a constructivist agenda. Using this 
idea, and looking at the description above it becomes evident that prior knowledge forms a 
large element of Mayer’s model (ibid). Applying this model to the model of IBSE used in this 
research it is clear that the prior knowledge element is accounted for in the Engagement 
phase and, as IBSE is based on constructing knowledge, the 5E model may be used as a 
framework for analysing textbooks for elements of IBSE. This study will therefore attempt to 
combine all of these ideas into a strict, objective analysis which accounts for themes as well 
as content using the 5E model as a framework.  
 
Research Methodology 
The methodology used in this study is based on a content analysis of the textbooks. This 
methodology was chosen in order to assign meaning to the various methodologies employed 
in textbooks and to make inference about their meaning (Krippendorff, 2004). As teachers are 
using textbooks as primary resources in their teaching, the activities presented in the 
textbooks are crucial to understanding how teachers are currently teaching science. In order 
to analyse the textbooks within an inquiry context an analytical framework had to be created 
and applied to the textbooks (Wang, 1998, Wilkinson, 1999). For the purposes of this work a 
framework was developed based on the 5E model of inquiry. The 5E model is utilised in the 
teaching of a lesson which meets the requirements of an inquiry based approach as defined 
above. 
IBSE is focussed on the idea of a process rather than a single activity (Anderson, 2002). This 
process of inquiry is identified by carrying out all five phases of the 5E model (Bybee, 1989, 
Bybee et al, 2006a), described in Table 2. Applying the various concepts described to 
primary school contexts it was decided that a descriptor of inquiry would be used within this 
research to allow for a certain degree of flexibility to support cases whereby a textbook did 
not follow the prescribed 5E structure. This descriptor allowed for two assumptions to be 
applied to the textbooks. The first assumption involved the elaboration phase. Elaboration 
activities involve the application of what has been learned and may include many elements 
outside of the context of the classroom. It was assumed that textbooks would supply 
knowledge and activities but not ask students to apply it to other situations. The second 
assumption was that the textbook would not place a particular emphasis on evaluating 
students. It was assumed that if a teacher wished to evaluate the learning that they would 
develop their own methods and tools to do so. It would therefore be unlikely that a textbook 
would supply a teacher with a formal evaluation for the content and therefore the 
concentration on evaluation would be reduced in textbooks. This meant the descriptor of the 
process of inquiry would include the first three of the 5Es, Engagement, Exploration and 
Explanation. This descriptor still allowed a textbook to incorporate all of the five phases if 
the textbook included them but allowed flexibility in the analysis to see whether textbooks 
could promote at least the first three phases of the 5Es. 
The next stage in the methodology involved the development of a tool that would enable the 
various ideas and activities within the textbooks to be placed under the phases of the 5E 
model. The nature of the 5E model ensured that every activity within the textbook could be 
placed within one of the 5E phases. A tool was designed in such a way to allow for the easy 
comparison of topics, books and year groups. Each topic or lesson in the textbook was broken 
into its various activities and placed under a heading in the 5E model. Each activity was also 
described under the 5E model heading to enable a comparison of the various activities that 
the textbooks promote.  
By means of illustration, Table 3 shows how above tool was used to break down and 
associate the material and corresponding activities on the subject of light in one of the 
textbooks to each of the phases/headings of the 5E model and, hence, providing an IBSE-
organised lessons structure. The output of the tool also incorporates an order element so, for 
example, in Table 3, the first activity described in the textbook is a discussion. This is 
followed by an explanation of how white light is a form of energy. The third activity is an 
Explore activity, which gets placed on the next line as the table is designed to be read from 
left to right. Hence, the developed tool categorises an identified activity, describes it and puts 
in the relevant order that would enhance the inquiry approach of the lesson.  
In order to deeply uncover the nature of inquiry in the textbook, a four layer study was 
developed, as described in Table 4. These layers would each highlight an area of the 5E 
model structure. Each layer individually could not be used to determine whether the 
textbooks could be capable of promoting IBSE however the conclusions from each layer and 
a combination of the layers would uncover this information.  
Data analysis was carried out by a single researcher using a blind test method of coding. This 
method was used to ensure the consistency of data. Additional coders could not be used in 
this analysis as all coders would have had to have a standard and in-depth knowledge of the 
construction of the 5Es, as well as the aims and objectives of each layer of the study. Instead 
a blind coding setup was used where a selection of the textbooks were coded, and then 
recoded without reference to the first analysis. A comparison of the two analyses highlighted 
ambiguities in the definitions used during the analysis. These definitions were clarified 
further, the structure of the tool was adapted and another textbook was chosen for a blind 
code test. Once the comparisons of the two blind coding tests showed consistent results then 
the full analysis was carried out. 
The structure of the textbooks also created a difficulty for comparative reasons. Three 
textbook series, designated A, B and C, were analysed as part of this study. Each textbook in 
series C contained material to be covered in two consecutive years of the Irish primary school 
system, whereas each textbook in series A and B contained material for only one year. In 
order to account for this variation in the structure of analysed textbooks, the following 
labelling system was designed. Each textbook was assigned a unique label comprising the 
designated letter of its series followed by a number indicating the targeted year of its 
coverage. Accordingly, a textbook from series A that contains material for Junior Infants year 
was assigned the label A1, whereas a book from the same series but covers material for first 
Class was assigned the label A3, and so forth. The textbooks were then grouped according to 
their corresponding target year, as illustrated in Table 5. 
 
Results 
Layer 1: Structure of the textbook 
The aim of this layer was to create an image for the structure of each textbook. This structure 
was indicated in terms of percentage figures and shows how much of the book’s material, 
ideas and activities are deemed to support each of the phases of the adopted 5E model. These 
percentage figures were created by comparing the total number of activities in one phase to 
the total number of activities in all the phases in that textbook. This created a proportional 
representation of each 5E phase in the individual textbooks. This layer was designed to 
highlight whether particular textbooks encourage a particular phase of the activity or whether 
certain phases are more common in certain years. Table 6 shows the results of this study and 
displays several important features of the structure of each textbook. 
When considering the structure of textbook series A it becomes clear that these textbooks 
concentrate on promoting Engagement, Exploration and Explanation throughout all eight 
years of primary school. The Junior and Senior Infants textbooks are concerned with 
Engagement of the lesson subject with little Exploration. The emphasis on Engagement 
decreases as the years increase, however the final 2 years textbooks still contain a majority of 
Engagement activities. It can be seen that a process of inquiry being built up throughout the 
entire primary school experience and that by sixth class this process is still limited to the first 
three phases of the 5Es.  
Textbook series B follows a similar structure to that of series A. Again the concentration on 
Elaboration and Evaluation activities is significantly less than that of the other three phases. 
This series also shows a build up of the process of inquiry throughout all eight years of the 
schooling. Unlike textbook series A, by the final books in series B there is much less 
emphasis on Engagement activities, with a stronger emphasis on Exploration and 
Explanation.  
Textbook series C is shown to have a vastly different structure compared to series A and B. 
Here the process of inquiry contains all five phases throughout all of the textbooks in the 
series. Also noticeable is how each of the phases carries a roughly equal standing throughout 
all eight years. This textbook does not promote the build up of an inquiry process thought the 
years but instead introduced the students to the process early and repeats it throughout all of 
the years.  
As it can be seen the structure of each of the textbooks differs vastly depending on the 
textbook series selected. The results showed how Textbook series A promotes Engagement 
and Exploration, with little emphasis on other elements of the 5Es. While textbook series B 
followed this trend it contained less of an emphasis on Engagement than series A. The 
structure of textbook series C emerged as having an approximately equal standing of all 
phases throughout all of the years. The benefits or disadvantages of these approaches cannot 
be discussed in the terms of this research. Considering the learning outcomes of IBSE as 
described by the description provided above, only textbook C provides a consistent process of 
inquiry of the three textbook series as emerges as having the most consistent features with an 
IBSE lesson. This layer does however not take into account the specific methodologies 
employed within the textbooks which will be detailed in Layer 2.  
 
Layer 2: Individual Topics 
As described above, Layer 2 of this study identified the individual topics that were present in 
the textbooks in order to identify and isolate patterns that may emerge. It was argued by 
Harlen in 1995, that teachers generally avoid the teaching of the physical sciences (Harlen, 
1995). This finding was echoed in the NCCA study (Varley et al, 2008a, 2008b). Therefore 
this layer attempts to identify whether topics in the physical sciences contain a structure and 
process of inquiry or whether all subjects contain similar structures. The descriptor used to 
define this layer of the study was each 5E phase in the correct order. The process of the 5Es 
means including at least three of the 5Es as per the reasoning described previously. 
From the study carried out, it quickly becomes evident how few of topics present in textbook 
series A contain the structures and process of inquiry. Throughout all eight books of this 
series only five topics contain the structure and process of inquiry as determined by the 5Es. 
These topics include: Habitats (x3); The Environment and Colour. The fact that the majority 
of these topics form an element of the Living Things curriculum strand aligns with the 
findings of the NCCA and Harlen’s studies (Harlen et al., 1995, Varley et al. 2008a). This 
result is interesting as the NCCA study highlighted how teacher confidence in the Living 
Things strand of the curriculum was greater than the other strands. This meant teachers were 
less confident and didn’t show high content knowledge in the areas of Materials and Change, 
Energy and Forces and Environmental Awareness and Care.  
Textbook B includes twenty topics across the book series that meet the descriptors of 
structure and process. In this textbook series, Living Things topics include: Autumn; Growth; 
Plants and Movement. Energy and Forces topics that align with the structure include: 
Electricity; Magnetism; Flotation; Heat; Forces and Light. This textbook also includes 
lessons on Environmental Awareness and Care and Materials and Change that meet the 
descriptors. It can be seen that this textbook has a greater, more diverse set of lessons that 
meet the framework requirements. This may suggest that the textbook could benefit teachers 
that are not confident in subjects and across more curriculum areas. 
As it has been described in Layer 1 the textbooks in series C contain a highly structured 
approach within the textbook that aligns itself well with the 5Es approach. These results are 
carried through to the process and structures of each of the individual topics. There is no 
topic presented in textbook series C that do not meet the descriptors above. 
As it can be seen from these results, there is no discernible pattern across all of the textbooks 
highlighting which topics are more likely to be presented in an IBSE manner. Textbook series 
A aligns with the results of the NCCA study of teachers by showing how Living Things 
subjects are more likely to be carried out as IBSE but as the results of Layer 1 indicate, there 
is an emphasis on Engagement and Exploration only. Textbook series B, on the other hand, 
promotes IBSE lessons across more topics and curriculum areas. Textbook series C however, 
displays all of its topics clearly as IBSE lessons and as Layer 1 indicates, incorporates a 
consideration of each of the 5Es. It can therefore be again concluded that textbook series C 
meets the intended learning outcomes of IBSE to the greatest extent. It also can be concluded 
that textbook C contains characteristics which are closer to an IBSE structure per topic than 
the other two textbooks.  
 
Layer 3: Individual activities 
In order to fully appreciate how a textbook can be used in the promotion of IBSE it is 
necessary to explore how IBSE is represented by the individual activities that are described in 
the books. In this layer the activities that form the individual phases of the 5Es are described. 
Engagement is designed to elicit thoughts and actions of the students related to the lesson. 
Textbooks A1 and A2 were designed for a Junior and Senior Infants class. The lessons 
present in these textbooks are designed to get students talking and discussing topics. The 
textbooks concentrate on asking students to draw, colour and talk about different topics. 
These engage activities are designed to be an introduction to the subject of science and create 
a basis for lessons to be built on in the future. This phase develops through the course of the 
years in textbook series A and, by textbook A5, students are being asked to label, discuss in 
greater detail, design models and answer questions on topics. By the final book in this series 
the Engagement phase has developed into more in-depth activities to engage the students. In 
Textbook B1 the Engagement phase also asks students to draw, colour and discuss specific 
the topics that the students are to talk about. The Engage phase in textbook series B is not as 
diverse by the final books in this series compared with the final books of series A. Students in 
the final book are asked to discuss, draw and talk about topics. The only development in this 
phase is the addition of predicting what will happen in an experiment and labelling a diagram. 
Textbook C1 again breaks the pattern set by the other four books at this level. This textbook 
contains many varied methodologies including, in the Engagement and Exploration phase: 
narratives, discussion, design and make models, reading and observing. By the final book in 
this series this phase has developed to include small introductory investigations, inviting 
speakers from the locality to talk to the class and brainstorming activities. 
The Exploration phase, as described above, is where student’s current understandings are 
challenged by activities, discussions and currently held concepts to explain experiences. In 
textbook series A and B the exploration phase consists primarily of experiments. 
Experiments, in the context of this research, are described as a process provided to the 
student which they must follow. This process lists each step of the experiment. Investigations 
are described as a guided experiment. Here students are presented with a goal, or activity to 
carry out. No prescribed methodology is given to the students. This definition is in line with 
current literature on experiments and investigations (Rocard, 2007). The amount of 
experiments presented in the Exploration phase in textbook series A and B vastly outnumber 
the amount of investigations. The Exploration phase is much more diverse in Textbook series 
C. In this textbook series Explorations consist of a series of investigations. In these 
investigations the students are required to carry out several other activities such as designing 
the investigation, predicting the outcomes, carrying out the investigation, discussing the 
results and evaluating the investigation all which align with the definition of inquiry as 
presented in the Rocard report.  
The Explanation phase is concerned with presentations of scientific concepts that change 
students’ explanations to align with scientific explanations. This is a broad definition to apply 
a series of activities to. In keeping in line with the structures in the textbooks any area 
whereby information was supplied to the students, through written descriptions or definitions, 
was considered as an explanation activity. This was chosen as the areas of information 
provided in the textbooks are designed to provide the students’ with information that aligns 
with scientific explanations. Providing information to students is prevalent in textbook series 
A. Several chapters in A8 begin with supplying the information to students and then asking 
them to carry out Exploration activities such as an experiment based on the information 
provided. This trend is echoed throughout textbook series B. Textbook series C again breaks 
the trend and, instead of providing the students with information, the textbook provides the 
teacher with activities to identify the knowledge the students gained in the Exploration phase. 
This knowledge could then be analysed to see whether it contains errors or misconceptions 
that must be addressed.  
The Elaboration phase is concerned with activities that require the application and use of 
scientific concepts and vocabulary in new situations. As described in Layer 1, applying this 
definition to textbook series A and B highlighted little or no activities present in these 
textbooks. As stated above textbook C contains the Elaborate phase from the earliest book 
and the amount of Elaborate activities remain relatively consistent throughout the years. The 
activities presented in this textbook require the students to apply the knowledge that has been 
gained in the Engagement, Exploration and Explanation phases to carry out an activity. One 
example of this application of knowledge is described as the students designing and making a 
windmill, after they have been studying the concepts of renewable energy sources. The 
activities also ask the students to utilise the knowledge they have learned in the curriculum to 
carry out a similar activity at home to collect further results.  
Finally the Evaluation phase is a culminating activity that provides the student and teachers 
with an opportunity to assess scientific understanding and intellectual abilities. This 
evaluation is not isolated to formal assessment, however and may include: creating posters, 
answering questions, completing activities, discussing investigations and debating (Bybee, 
1996). Again as shown in layer 1, Textbook series A and B are lacking in evaluation 
activities. Where these activities are present they take the form of a formal assessment, where 
the students are asked to answer specific recall questions. Textbook C was shown in Layer 1 
to have a relatively equal concentration on evaluation as the other phases. The activities 
present in this textbook series contain a minority of formal assessment questions. Instead 
students are asked to create posters, answer questions, completing activities based on the 
subject, discussing investigations and debating. 
All of these descriptions of activities within the Engagement phase can be similarly described 
across all of the textbook series. It is clear that younger students’ thoughts and actions are 
being elicited from their life experiences and older students’ thoughts and actions are being 
elicited from their experiences of their studies. This shows a move from the students’ life 
experiences to the students’ knowledge of science. Textbook C emerges in the Exploration 
phase as having the most diverse range of activities all of which are in line with current 
trends in IBSE. The approach provided in the explanation phase in textbook series C can be 
viewed as a more student centred approach to learning. This textbook asks the student to 
explain the topic rather than providing them with information to be learned. This displays a 
more constructivist approach rather than a deductive approach. The only conclusion that can 
be gained from the elaboration phase is that textbook series C promotes the use of this phase 
in lessons whereas the other textbook series contain between zero and five percent of these 
activities. Again textbook C emerged as having the most varied approaches and activities in 
the evaluation phase in this layer. These conclusions highlight how if a teacher utilizes 
textbook series C they will be provided with many student focussed activities to carry out and 
can therefore be considered as having the most potential to support inquiry in the classroom. 
 Layer 4: Pedagogy or Content Orientated Textbook? 
The final layer consists of a study of the elements of pedagogy and content within each 
textbook. This combines the results of the previous four layers to create specific inferences 
about the different textbook groups emphasis on content or pedagogy.  
When studying the three previous layers of textbook series A it becomes apparent that the 
series heavily promotes the content of the subject and the pedagogies of Engagement and 
Exploration. The series firstly does not contain the structures as determined by the 5E model 
of teaching, with the exception of the last two books which meet the requirements as dictated 
by this study. The textbook series however, does not contain many identifiable areas where 
the 5Es are in the order specified within the model. The final books’ concentration on 
explaining a topic to a student rather than the exploration of a topic is also apparent. The 
study of the various activities present in this book did highlight many, varied methodologies 
in the Engagement and Exploration phases however; these methodologies were isolated to 
these two phases. It is for these reasons that this textbook is being deemed to primarily 
promote content knowledge.  
Analysing Textbook Series B, utilising the other three layers, highlights that this book series 
begins with promoting Engagement and Exploration pedagogies however the concentration 
on Explaining the topic in the final book would imply the promoting of content knowledge. 
These Explain activities were also in the form of the textbook supplying the information to 
the students, rather than eliciting the knowledge from students through exploration. This 
would be classified as a didactic approach to learning. No book in this series contains the 
structures as governed by the 5E model and therefore cannot be said to promote the pedagogy 
of inquiry. Therefore the textbook series is determined to promote content over pedagogy. 
It becomes evident, from this study, that textbook C contains the process and structures 
contained within the 5E model in all of its textbooks. These structures are also accompanied 
with the promotion of many varied activities and pedagogies for the teacher in each of the 5E 
phases. The approach of the explanation phase is also heavily student centred rather than 
didactic. In relation to the content knowledge of the subject textbook series C contains all of 
the subjects that the other two series contain. It is for this reason that textbook series C is 
being described as promoting both content knowledge in science and the pedagogy of 
inquiry. 
 
Conclusions 
The results of this study highlight several interesting nuances within primary science 
textbooks from which several conclusions can be drawn. Firstly using the definition of IBSE 
and the framework, it has been shown that textbooks can in fact support the implementation 
of inquiry in the school by providing teachers with content knowledge and varied, student 
centred, pedagogical practices. This means that a teacher who is wishing to adapt their 
methodologies into an IBSE approach can still, in principle, gain support from a textbook. 
Henson described three ways in which teachers use textbooks. The first group of teachers 
centres their teaching on the textbook, the second group use it as a resource amongst other 
teaching methods and the third group avoid using it at all (Henson, 2004). This research 
therefore caters for the teacher who centres their teaching on the textbook, but allows them to 
develop pedagogical practices beyond traditional didactic methodologies. It also provides an 
argument for the inclusion of the textbook into the classroom as a tool rather than a central 
dictator of lessons. 
Each layer of this study highlighted a specific area or ideal related to IBSE. Textbook series 
A was shown to contain mostly Engagement and Exploration activities. While this may not 
have been in line with the descriptors of IBSE attached to this study, the approach taken by 
these books may be attempting to account for the young age of the students. These textbooks 
could be promoting science as an interactive subject that can be easily discussed. While this 
study cannot make a judgement on this approach, it is the findings of this study that these 
textbooks can only support the specific phases of Engagement and Exploration within the 5E 
model. A teacher could however build on the lessons present in this textbook by adding in 
elements of the other 5Es to them. This teacher would have to understand the process of 
inquiry and have the content knowledge required to add activities in the Explanation, 
Elaboration and Evaluation phases. A teacher utilising the final books in this series would 
have to be adept at determining the students’ prior knowledge, capturing interest, 
misconceptions and evaluating the learning and understanding that has occurred in the lesson 
based on the structures present in these textbooks.  
Similar to textbook series A, the books in textbook series B do not contain all of the 
structures present as described by this study. Again younger students are presented with 
Engagement and Exploration activities promoting science as an interactive subject. The 
senior books in this series contain a majority of Explain activities. This approach is very 
deductive in nature and relies on the student memorising large amounts of facts about certain 
topics without learning them through exploration. These books could benefit the 
implementation of IBSE if the teacher is fluent in the process of Exploration, Explanation, 
Elaboration and Evaluation. Textbooks B7, B8 and B9 could only address the content 
knowledge required for IBSE lessons but could not be used to develop a complete IBSE 
lesson due to the lack of varied pedagogies and IBSE structures in the textbooks. A teacher 
utilising these books would need to concentrate on students’ prior knowledge and exploring 
topics in later years of primary school. The textbook, therefore, would only emerge after the 
topic had been introduced and the students are allowed to explore it. The textbook could also 
be used to provide any information which may have been missed in the Explore phase or to 
identify any misconceptions that may have arisen through the Explore phase. 
Textbook series C emerged as the series that met the most requirements over all of the layers 
of study. It is therefore the conclusion of this research that this textbook is the best suited to 
the promotion of IBSE in the classroom. All of the books in this series meet the intended 
learning outcomes of IBSE while containing the features and characteristics of an IBSE 
lesson. This textbook can aid a teacher in the pedagogy of inquiry while providing them with 
the necessary content knowledge to support the implementation of IBSE. 
These conclusions rely heavily on the PCK of the teacher and the context of their specific 
classrooms. The challenge therefore becomes developing the knowledge required for a 
teacher to select which textbook best suits their level of PCK and their inquiry needs. This 
study has shown that textbooks currently available to teachers in Ireland can be used to 
promote IBSE in the classroom to varying degrees and utilising varying elements. This means 
that the teacher does not have to abandon a crutch of their teaching when trying to carry out 
IBSE lessons but can in fact gain valuable support from a textbook in their teaching. The 
conclusions also rely on the teacher having the training, information and understanding of the 
process of IBSE. Without this knowledge a teacher could easily revert to didactic teaching 
methodologies if they select an inappropriate textbook for their inquiry pedagogy level. It 
must also be pointed out that all of these textbooks were written with the new curriculum in 
mind and the assumption is that the practice of IBSE was taken into account when they were 
being written. The different approaches and structures presented in the textbooks could refer 
to the authors’ interpretations of IBSE and its practice. Therefore the approaches discussed by 
the textbooks could be a result of confusion about the practice of IBSE. Any future confusion 
could be addressed by the National Council for Curriculum and Assessment through the 
publication of further guides for teachers and textbook authors as well as the inclusion of 
professional development to encourage the use of textbooks as scaffolds of IBSE. This would 
to aid in the understanding of what the NCCA considers to be IBSE and future textbooks 
could be written to promote it. 
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Table 1: The content strands of the Primary Science Curriculum 
 
Living Things 
 
 
Energy and Forces 
 
Materials 
 
Environmental 
Awareness and Care 
 Myself/ 
Human 
Life 
 Plants and 
animals 
 Light 
 Sound 
 Heat 
 Magnetism 
and electricity 
 Forces 
 Properties 
and 
characteristic
s 
 Materials 
and change 
 Caring for my 
locality 
 Environmental 
awareness 
 Science and the 
environment 
 Caring for the 
environment 
(Murphy et al., 2012) 
  
Table 2: The 5E model of teaching 
Engagement Strategies or activities designed to elicit thoughts or actions by the student that 
relate directly to the lesson’s objective 
Exploration Experiences where students’ current understandings are challenged by 
activities, discussions and currently held concepts to explain experiences 
Explanation Presentations of scientific concepts that change students’ explanations to align 
with scientific explanations 
Elaboration Activities that require the applications and use of scientific concepts and 
vocabulary in new situations 
Evaluation Culminating activity that provides the student and teachers with an opportunity 
to assess scientific understanding and intellectual abilities 
(Bybee, 2006a, p15) 
Table 3:  An example of an analysis of one of the textbooks using the tool developed  
Subject Engagement Exploration Explanation Elaboration Evaluation 
Light Discuss 
whether black 
is a colour or 
not 
 Explain how 
light is a form 
of energy 
  
 Discuss the 
differences 
between 
natural and 
artificial light 
   
Discuss 
whether white 
is one colour 
 Explain how 
white light is 
made of 7 
colours 
  
 Experiment to 
mix different 
colour light 
 Question and 
discussion: 
What colour 
dog should an 
Australian 
farmer get? 
 
   Research how 
lasers work 
Create an 
information 
poster about 
lasers 
Discuss a 
torch beam in 
the darkness 
    
Discuss the 
light entering 
and exiting an 
aquarium 
Experiment to 
observe and 
record 
refraction 
Discuss the 
findings of the 
experiment 
Investigate 
how lenses 
affect the 
beam of light 
 
 
Table 4: The layered structure of study 
Layer Element Description 
1 Structure of the 
textbook 
Place each activity present in the textbook under a 5E 
model heading and allow for the structure of the textbook 
to be relatively compared. 
2 Individual Topics Compare individual topics in the textbooks for patterns and 
comparisons as to which topics met the requirements of the 
framework 
3 Individual Activities Highlight whether textbooks are utilising many varied 
activities or repeating a limited set of activities 
4 Pedagogical or Content 
Orientated textbook 
Identify which textbooks promote a large number of 
pedagogies, a large amount of content or both. 
 
 
  
Table 5: The breakdown of the textbook labels 
 Junior 
Infants 
Senior 
Infants 
1
st
  
class 
2
nd
 
class 
3
rd
 
class 
4
th
 
class 
5
th
 
class 
6
th
 
class 
Textbook 
Series  A 
A1 A2 A3 A4 A5 A6 A7 A8 
Textbook 
Series B 
B1 B2 B3 B4 B5 B6 B7 B8 
Textbook 
Series  C 
C1 C2 C3 C4 
 
  
Table 6: The structure of analysed textbooks in terms of their coverage percentages of each 
of the 5E phases  
Textbook 
Book coverage with regards to each phase of the 5E model (%) 
Engagement 
 
Exploration 
 
Explanation 
 
Elaboration 
 
Evaluation 
 
A1 & A2 96.74 3.26 0.00 0.00 0.00 
A3 & A4 81.54 9.15 9.31 0.00 0.00 
A5 & A6 64.58 18.80 16.62 0.00 0.00 
A7 & A8 44.35 29.48 25.18 0.66 0.33 
      B1 & B2 84.18 15.82 0.00 0.00 0.00 
B3 & B4 41.15 41.28 17.57 0.00 0.00 
B5 & B6 22.15 37.88 34.25 4.91 0.81 
B7 & B8 14.83 44.04 37.99 3.14 0.00 
      C1 25.00 32.39 6.82 32.39 3.40 
C2 26.73 32.18 11.88 18.32 10.89 
C3 16.01 26.85 12.56 28.82 15.76 
C4 16.74 22.48 15.83 29.35 15.60 
 
 
